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Abstract 
In spring 1991, we investigated the development of the planktonic 
community of a eutrophic lake (Belauer See, North Germany), fo- 
cusing on the feeding behaviour of Vorticella rhabdostyloides and 
Tintinnidium fluviatile, the two most abundant ciliate species in the 
pelagic zone of this lake during spring. Experiments on the uptake of 
fluorescently labelled particles in different size classes and fluores- 
cently labelled bacteria nd algae permitted the determination f the 
importance ofthose kinds of food. Vorticella rhabdostyloides ingest- 
ed particles about 1.0 lam and 3 gm long and autotrophic picoplank- 
ton (APP). Tintinnidium fluviatile preferred particles 0.5 ~m to 
1.0 ~tm and 5.0 gm long, APP and diatoms in the genus Nitzschia. In- 
gestion rates ranged between 100 and 120 particles h 1 for each 
TintimTidiumfluviatile and 60 to 230 particles h 1 for each Vorticella 
rhabdostyloides. APR bacteria, centric diatoms and nanoprotozoans 
were evaluated as foods for both ciliates. Tintinnidium fluviatile 
was found to exert a strong short-term control on picoplankton 
(rs = -0.941, n = 6, p < 0.05) and small centric diatoms (r s = 0.700, 
n = 6, p < 0.05). The different diets of both ciliates may explain the 
coexistence ofboth species during spring. 
Introduction 
The quantitative importance of individual components of 
the plankton community varies considerably from season to 
season. Transition periods, especially those of aquatic mi- 
crobial communities, last only a number of days (PEP, N- 
THALER et al. 1996; SANDERS et al. 1989). The exploitative 
competition for food is believed to be a major structuring el- 
ement for zooplankton communities (STERNER 1989, 1990). 
* This paper is dedicated toProf. Dr. HARTMUT KAUSCff on the occa- 
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As a first step, it is important o determine the seasonal 
range of variability for organisms and their important prey. 
Special studies were required to reconstruct functional, such 
as trophic, interactions between populations and communi- 
ties. In addition, feeding strategies and food-selection of 
protists are believed to be important opics of research 
(FENCHEL 1979, 1980). 
The objective of this study was to trace the development 
of the ciliate community during spring in the epilimnion of a 
stratified lake. In particular, we investigated the feeding be- 
haviour of two ciliates, Tintinnidium fluviatile KELLICOT 
1885 and Vorticella rhabdostyloides (STEIN 1863) KENT 
1881, which are the most abundant ciliates during spring in 
the pelagic zone of the Belauer See. We were interested in 
learning about niche separation and their impact on the pico- 
and nanoplanktonic communities of the Belauer See. 
Materials and Methods 
To obtain the ciliates plankton samples were collected in a 3.6 1 
Haney chamber (HANEY 1971) weekly from March to May at a 
depth of 1 m in the Belauer See, which is part of the Bornh6veder 
chain of lakes in North Germany. Belaner See is a holomictic, dimic- 
tic eutrophic lake with an area of 1.13 km 2 and a maximal depth of 
29.6 m (M~3LLER 1981). 
Samples of 0.2 1 collected to investigate he ciliates and phyto- 
plankton were fixed immediately after sampling by adding 0.06% 
HgC12 to preserve ciliates and Lugors solution to preserve the phy- 
toplankton. Organisms were counted under the Uterm6hl inverted 
microscope (UTERM(3rn, 1958). Subsamples of 0.01 1 were allowed 
to settle for 24 h. Then the entire surface of the settling chamber 
was examined at 200× or 400x magnification (ZIMMERMANN 
1996). 
Another 0.2 1 sample of lake water was fixed in 4% formalin, 
stained with the fluorochrome, 4'6-diamidino-2-phenylindole 
(DAPI), according to PORTER & FEIG (1980) and filtered onto black 
membrane filters (0.2/am, Nucleopore). Between 400 and 500 bac- 
teria were counted at 1600x using epifluorescence microscopy 
(ZIMMERMANN 1996). Picocyanobacteria were counted similarly to 
bacteria, but autofluorescence of phycoerythrin was used to detect 
the cells (BARKMANN 2000). 
Production of picoplankton and nanoplankton: Growth rates of 
APR mainly picoprocaryots (BARKMANN 2000), were calculated at a 
depth of 1 m on several occasions in 1992 and 1993 in the Belauer 
See using the frequency of dividing cells method (Mc DUFF & 
CHISHOLM 1982) and the dilution technique (LANDRY & HASSETT 
1982). Considering the fact that he APP in this lake showed negligi- 
ble seasonal differences in abundance (BARKMANN 2000), the results 
from 1992 were standardized and calculated for 1991, yielding a 
value of 0.89/ag C kid -l for April and May. 
In 1991, the production by bacteria was calculated in situ from 
thymidine incorporation using the method of FUHRMAN & AZAM 
(1980). Three bottles were filled with water from depths of 3, 10 
and 20 m and inoculated with 15 nM of methyl-3H-thymidine from 
Amersham. The bottles were exposed for 1 h around midday at the 
depth from which the samples had been taken. Formaldehyde was 
added to produce a final concentration of 1.5%, and sub-samples 
were collected on 0.2/am Nucleopore filters, which were washed 
three times with 5 ml of 5% cold trichloracetic a id. The filters were 
dissolved in a Dioxan scintillation cocktail. The samples were then 
counted in a liquid scintillation counter using an external standard 
and quench correction. 
Primary production by nanoalgae was determined using the ra- 
diocarbon method (STEEMANN NIELSEN 1952; VOLLENWEIDER 1974). 
Determinations of phytoplankton production were carried out every 
2 weeks. Clear and dark 120 ml glass bottles were filled with water 
from depths of 0 to 5 m either unsieved and sieved through a 30/am 
mesh (NIXDORF et al. 1990). They were inoculated with NaH~4CO3 to 
produce a final concentration f about 12.5/aCi 1 -~. The bottles were 
exposed at the depths from which the samples had been taken for 
four hours around midday. They were then transported tothe labora- 
tory while kept in the dark in boxes. Aliquots of 5 ml were acidified 
and aerated by bubbling for 25 minutes to remove inorganic 14C 
(SCHINDLER et al. 1972). A scintillation cocktail (12 ml Pico-Aqua, 
Canberra Packard) was added the following day, and the radiation 
counted 2 h later in a Canberra Packard Tri-Carb 2500 TR liquid 
scintillation analyser with quench correction. To determine the total 
specific activity in each individual bottle after exposure, a 0.1 ml 
aliquot was mixed with 1 ml of Carbo-Sorb (Canberra Packard) and 
5 ml of Pico-Aqua scintillation cocktail, and the radiation was 
counted (GESSNER et al. 1996). 
The production by nanoprotozooplankton wasdetermined during 
an intensive investigation of Lake Belau in 1991 and again in 1993. 
The size fractionation technique was used to eliminate predators 
from the samples (LANDRY 1994). To remove the species at the high- 
er trophic levels from the plankton, the water was filtered through 
150, 44 and 15/am sieves. Filtered and unfiltered water as well as 
water enriched with zooplankton ( 3xl 1 > 150/am) was placed in 1 1 
glass bottles and exposed under in situ conditions at a depth of lm. 
All procedures were performed on triplicate samples. The bottles 
were exposed on a rotating wheel under ambient conditions. Sam- 
ples were taken once or twice daily. In each sample, 50 to 100 cells 
of the nanoprotozooplankton were counted (MOLLER 1994; ZIM- 
MERMANN 1994, 1996). From the time intervals (t) during which 
maximum growth was observed, net growth rates (r) were calculated 
according to the equation: 
r = (ln N t - In No) x r -1 
where No and N, are cell numbers observed at the beginning and the 
end of the time interval (t). 
The sizes of the protozoans were measured under the micro- 
scope, and the volume was calculated using appropriate formulas 
(MOLLER 1994; RUTTNER-KOLISKO 1977; ZIMMERMANN 1994). The 
mean daily production (P) has been roughly estimated according to 
the equation: 
P=rxV 
where Vis the biovotume. 
The number of cells and their biovolumes were used to calculate 
the amount of carbon using the following conversion factors: for 
bacteria 15 fg C cell i (SIMON & TmZER 1987), APP 220 fg C ~m 3 
(WATERBURY et al. 19861), nanoflagellates 220 fg C/am -3 (BORSHEIM 
& BRATBACK 1987), ciliates 110 fg C /am -3 (TURLEY et al. 1986). 
Phytoplankon C at a depth of 1 m was calculated by the method of 
ROCHA & DUNCAN (1985) according to the equation: 
In C=-2.117 + 1.05 In V 
where C is the carbon content per cell [pg cell-q, and Vis the volume 
[~m3]. 
Protozoan grazing was measured in short-term direct-uptake ex- 
periments on fluorescently abelled prey. Two types of stained prey 
were prepared: fluorescently labelled organisms and fluorescently 
labelled particles (FLP). 9-10 1 bacteria from 1 m depth were taken 
from the Plugsee and concentrated on 130-180 ml with an Amicon 
Hollow Fiber Concentrator CH4A (cartridge types HIP100-15, 
H1MP01-43; MEIER 1991). Bacteria and a strain of Synechococcus 
sp., Nitzschia palea and Scenedesmus acutus were harvested by cen- 
trifugation, heat killed and stained with 5-([4,6-dichlorotriazin-2- 
yl]amino) amino fluorescin (DTAF) according to SHERR & SHERR 
(1993). Grazing experiments were performed on each sampling date 
using 100 ml of sample in 1 1 acid-washed glass bottles. Two sets of 
experiments were carried out to calculate selectivity independently 
for fluorescently abelled organisms and FLPs. To calculate inges- 
tion rates prefiltered lake water was enriched with fluorescently 
stained particles or food. After the sample had been allowed a 15 
min adaptation period at in situ temperature, food items were added 
at a concentration f 30% of the natural abundance of picoplankton 
and up to a maximum of 15% of the algal abundance (Table 1). Sub- 
samples of 0.0051 were taken after 5, 10, 20 and 30 rain and 1 h and 
12 h, fixed in alkaline Lugol's solution (0.5% final concentration) 
and placed in borate buffered formalin, previoulsy filtered through 
0.2/am membranes, ata final concentration f 3%. Samples were 
processed within 24 h after fixation. As the uptake was generally 
slow, so the subsamples taken after 20 rain and 30 min were used to 
count ingested particles. Subsamples were stained with DAPI, fil- 
tered through a 1 gm black filter from Poretics and examined using 
epifluorescence microscopy. At least 50 ciliates were checked for 
tracer uptake in each sample. Hourly uptake rates were estimated 
from the ingested tracer cells and feeding period assuming a linear 
ingestion rate. On average 80% of the ciliates were found to contain 
ingested food after 30 rain. The grazing rates on food items by pro- 
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Table 1. Specifications ofprey in the grazing experiments. 
Prey Approx. size Mean biovolume Concentration in the 
[/am] [gm 2 ind -1] cocktail [food mk 1] 
0.2 ~m 0.2 0.03 15×106 
0.5 ~m 0.5 0.07 19×106 
1.0 ~m 1.0 0.52 13×104 
2.0 ~m 2.0 4.18 20×104 
3.0 ~am 3.0 14.13 71x103 
4.0 ~m 4.0 33.49 29x103 
5.0 ~m 5.0 65.42 17x103 
FLB (fluorescently labelled bacteria) 0.2-0.5x0.8-1.2 0.12 22x103 
APP (Synechococcus elongatus) 2.0 3.14 14x103 
FLA (Scenedesmus acutus) 2.5-3.0x 12.0-18.0 113.0 14x103 
FLA (Nitzschia palea) 3.0-5.0x10.0-25.0 200.0 43×103 
tists were estimated from the percentage oftracer addition and the in 
situ abundances of the food. 
As a measure of selectivity between the different kinds of food, 
we chose the relative difference in the mortality rates of two kinds of 
prey, D, calculated according to JACOBS (1974): 
r -p  
O = w  
r -2 rp+p 
where p is the fraction of the total number of tracer particles added 
and r is the fraction of the total number of ingested tracer particles. D
takes the relative abundance of different food types in the environ- 
ment into account and is thus uneffected by changes in food compo- 
sition. D varies from -1 to 0 for negative selection and from 0 to +1 
for positive selection; at D = 0, there is no preference for either food 
type. 
Feeding rates (FR [particles cell -~ h a]) and clearance rates (CR 
[ml cell -~ h-~]) were calculated (PETERS 1984) using the following 
formulas: 
1 (P + FLP) 





(P + FLP) 
where p is the number of food particles, FLP is the number of fluo- 
rescently labelled food particles, FLPi~g is the number of ingested, 
fluorescently labelled food particles and t is the incubation time in h. 
In calculating the food consumption, both the natural food and artifi- 
cial items were considered. 
Data were analyzed using the statistical software STATeasy. Con- 
sidering the fact, that the selectivity (D) after JACOBS (1974) shows 
no normal distribution (APPENZELLER 1983), we characterized the 
center of the selectivity using the median, and the range was calcu- 
lated according to the standard eviation method of the median. To 
compare independend selectivity variables the median test was used 
(KAusCH • LOZ.~N 1998; LOZAN 1996). 
Correlations between pairs of variables were calculated using the 
non-parametric Spearman rank sum test (r~). 
Results 
The seasonal cycle of protozoan activity in Belauer See is 
characterized by a great abundance of protozoans during 
spring. At 1 m, the depth where the experiments were carried 
out, the abundance of protozooplankton was characterized 
by a spring peak of 23x102 ciliates 1 -~ in mid-April and a 
drastic decline at the end of April. The ciliate community 
consisted primarily of 2 ciliate species. Tintinnidium fluvi- 
atile (STEIN 1863) K~NT 1881 reached an abundance of 
11 x 102 cells 1-1, and Vorticella rhabdostyloides KELLICOT 
1885 reached 2×102 cells 1-1. The sessile ciliate, Vorticella 
rhabdostyloides, was attached to centric diatoms. Almost no 
free swimming species were found in the water column of 
the lake. Ciliates became abundant during the first phyto- 
plankton bloom (Fig. 1), which was produced by diatoms. 
Algae produced chlorophyll a values between 14 ~g 1-1 and 
62 ~g 1 -a at a depth of 1 m (Fig. 1). 
Nanoflagellates were not numerous during spring. Amoe- 
bae and heliozoans were generally of minor importance (see 
ZIMMERMAXN 1996). 
In early spring, the predominant algae in the eutrophic 
Belauer See were Bacillariophyceae, followed in abundance 
by Chrysophyceans. The centric diatoms, CycIotella radiosa 
(GRUNOW) LEMMERMANN 1900, Stephanodiscus minutulus 
(K~TZING) CLEVE and MOLLER 1878, Stephanodiscus parvus 
STO~RMER and H~NSSON 1984 and some unidentified 
species were most numerous until the middle of April. At a 
depth of 1 m, small unidentified centric diatoms were most 
numerous at 2.7 x 106 to 9.78 x 106 1 -I. Planktonic bacteria 
showed much less variability in abundance. At 1 m depth, 
between 4.80 and 9.1 × 106bacteria 1 L or 42 and 129 ~tg C 1 -~ 
were found (Fig. 1). APP was not significantly represented 
during spring (see BARKMANN 2000). 
The experiments were carried out to characterize the diets 
of the two coexisting ciliates, Tintinnidium fluviatile and 
Vorticella rhabdostyloides, according to size and kinds of 
item consumed and to compare their impacts on representa- 
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Fig. 1. Seasonal changes in the biomass and abundance ofplankton in the eutrophic Belauer See with the biomass of chlorophyll a [~tg 11], 
small centric diatoms [gg C 1-~], pico- and nanoprotozooplankton [ggC ] -l] in 1991. 
tires of the different compartments of the microbial food 
web. The selectivity coefficient for the food items and the in- 
gestion and filtration rates were estimated for both species 
(Table 2). To check the optimal incubation time, fluorescent- 
ly prey was offered to the species, and samples were taken 
after 5, 10, 15, 20, 30 and 60 minutes. A sharp increase in the 
labelled picoplankton during the first 15 min was followed 
by a peak. A similar increase and peak of the nanoplankton 
occurred after 20 minutes. Therefore, samples were taken 
after 15 and 20 rain to count ingested food particles. 
Tintinnidium fluviatile showed a significant preference 
for 0.5 ~tm particles (DJacobs = + 0.80) over 0.2 ~tm, 2.0 pm, 
3.0 ~tm and 4.0 ~m particles. It preferred 1.0 ~tm particles 
(Djacobs = + 0.75) over 0.2 gin, 2.0 ~tm and 4.0 ~tm particles, 
it favoured 5.0 ~tm particles (Djacob~ = + 0.20) over 0.2 ~tm, 
2.0 pm and 4.0 ~tm particles (Fig. 2). Vorticella rhabdosty- 
loides ingested particles of 1 ~tm (Djacobs = + 0.56) and 3 gm 
in diameter (Djaoob~ = + 0.25; Fig. 2). Preference for 1.0 ~tm 
was more pronounced in Tintinnidiumfluviatile than in Vor- 
ticella rhabdostyloides. 
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Table 2. Ingestion and filtration rates of Tintinnidiumfluviatile (n= 50) and Vorticella rhabdostyloides (n = 50). 
Organisms Food Ingestion rate [particles cell-~h -1] Filtration rate [~tl cell ] h 1] 
Tintinnidium fluviatile 0.2 pm 110-120 0.01 
0.5 gm 111-119 5.26-5.32 
1.0 pm 110-115 0.76-0.90 
2.0 ~tm 113-120 0.50-0.60 
3.0 ~tm 100-101 1.41-1.69 
4.0 ~tm 101-110 3.45-4.14 
5.0 pm 102-108 5.88-7.06 
bacteria 110-120 4.55-5.45 
Synechococcus elongams 110-120 7.14-8.57 
Scenedesmus acutus 105-110 7.14-8.57 
Nitzschiapalea 100-110 2.33-2.79 
VorticeIla rhabdostyloides 0.2/am 145-229 0 -0.02 
0.5 pm 146-200 3.14-12.11 
1.0 pm 145-213 0.46-1.77 
2.0 gm 147-230 0.30-1.15 
3.0 pm 60-100 0.85-3.24 
4.0 gm 70-99 2.07-7.93 
5.0 ~m 60-88 3.53-13.53 
bacteria 145-230 2.73-10.45 
Synechococcus elongatus 145-230 4.29-16.43 
Both organisms actively selected the APP: Tintinnidium 
fluviatile (Djacobs = - I -0 .95)  and Vorticella rhabdostyloides 
(Djacobs = 0 .70) .  Fluorescently labelled bacteria (FLB) and 
Scenedesmus were negatively selected. The alga Nitzschia 
was selected positively by Tintinnidium fiuviatile and nega- 
tively by Vorticella (Fig. 3). 
Feeding rates of Tintinnidium fluviatile ranged between 
100 and 120 particles cell 1 h-1 (Table 2). The filtration rate 
of each ciliate ranged between 0.01 pl cell 1 h 1 and 8.57 yl 
cell -~ h i (Table 2). Feeding rates of Vorticella rhabdosty- 
loides ranged between 60 and 230 particles celk 1 h ]. The fil- 
tration rate of each ranged between 0.02 ~tl cell -1 h -1 and 
16.43 pl cell -1 h -1 (Table 2). 
After one hour of feeding, Vorticella contained only APP 
and FLB but no inert fluorescent particles, which were sup- 
plied at the same time. This indicates that after a few min- 
utes, Vorticella is able to distinguish between edible and non- 
edible particles before ingestion. Tintinnidium fluviatile did 
not show that it could distinguish between edible and non- 
edible items. 
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Fig. 2. Selective feeding [Djacobs ] by Tintinnidiumfluviatile and Vor- 
ticella rhabdostyloides on FLP (fluorescently abelled particles) in 
the size range 0.2, 0.5, 1.0, 2.0, 3.0, 4.0, and 5.0 ~tm. The center of 
the selectivity was characterized using the the median (n = 50), and 
the range was calculated according to the standard eviation method 
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Fig. 3. Selective feeding [Dj-acobs] by Tintinnidiumfluviatile and Vor- 
ticelIa rhabdostyloides on fluorescently abelled food (FLB = fluo- 
rescently labelled bacteria, APP = autotrophic picoplankton, Sce = 
Scenedesmus; Nit. = Nitzschia palea). The center of the selectivity 
was characterized using the the median (n = 50), and the range was 
calculated according to the standard eviation method of the medi- 
an. In some cases the range was very small. 
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Fig. 4. Seasonal changes in production by pico- and nanoplankton 
[~tg C cell i d 1] and grazing impact of Tintinnidium fluviatile and 
Vorticella rhabdostyloides on the different food spectra [pg C cell < 
dq]. 
Unfixed water samples, which were examined alive under 
the microscope before and after the experiments, demon- 
strated that the sensitive species showed normal swimming 
and feeding behaviour. 
Available food sources in the lake during the experimen- 
tal period are shown in Fig. 1. Small centric diatoms are indi- 
cators of the preferred food in the nanoplankton size range. 
They were most abundant during the middle of April. At a 
depth of 1 m, they reached amaximal biomass of 38.00 pg C 
1 1 (Fig. 4). Bacteria ranged from 42 to 129 gg C 1-1 (Fig. 4), 
and protozoans from 1.43 to 32 pg C 1 ~ (Fig. 4). Picoplank- 
ton production (Fig. 4) varied between 40.00 to 117.16 ~ag C 
1-1 d 1, and the ingestion rates (Fig. 4) reached values as high 
as 0.12 to 1.2 ~tg C 1-1 d -a. Nanoplankton production (Fig. 4) 
reached values between 16 to 24.1 pg C 1 1 d 1, and an inges- 
tion rate (Fig. 4) of 0.57 to 11.52 pg C 1-1 was attained. 
Discussion 
Several important points should be considered if FLPs are 
used as markers of protozoan food. Active selection by pro- 
tozoa of fluorescently labelled natural food instead of FLP 
has been previously reported (PACE & BALIFF 1987; SHERR et 
al. 1987; NYGAARD et al. 1988; S~MEK et al. 1990b). FLPs 
differ in some features from natural food. Though their size 
frequency distribution in our experiment was similar to that 
of natural plankton (ZIMMERMANN 1994), their shapes were 
somewhat different, and their surfaces and their taste may 
cause them to be rejected by protozoa. Due to the preserva- 
tive used (SIERACKI et al. 1987) an egestion of the particles 
can be ruled out in these experiments (ZIMMERMANN 1994). 
The rejection of FLP by ciliates, as observed in the experi- 
ment on Vorticella rhabdostyloides, appeared to be a more 
serious problem. Vorticella was able to "learn" to distin- 
guish between FLPs and natural stained food after 60 rain- 
utes of exposure to food suspension. PACE & BAILIFF (1987) 
found that Cyclidium sp. did not reject inert beads, whereas 
some other ciliates ingested FLB at much higher rates 
(SHEPd~ & SHER~ 1987; SHEPd~ et al. 1989). The ingestion 
rates found for ciliates seem to fall in the range reported for 
those in other marine and lacustrine systems, except for the 
ingestion rate of Tintinnidium fluviatile, which will be dis- 
cussed later (Table 2). 
The calculated selectivity indices showed that both ciliate 
species were able to ingest food particles, dependent from 
the handling. Tintinnidium fluviatile ate particles between 
0.5 ~m and 1.0 pm and those of 5.0 ~m in diameter more ef- 
ficiently than those of 0.2 ~m, 2.0 pm and 4.0 pm in dia- 
meter, while Vorticella rhabdostyloides ingested particles 
between 0.5 and 3.0 pm. In the experiments on stained food, 
TintinnidiumfluviatiIe ate Nitzschia palea and APE whereas 
Vorticella ate only food in the picoplankton size range. Be- 
cause they showed selectivity between APP and bacteria, not 
only the size, but also taste seems to be an important feeding 
criterium. It seems that both ciliates had a similar diet, but 
they differ in that Tintinnidium actively rejects relatively 
large particles. From an ecological point of view, it is not the 
size that counts but rather the volume of the prey. If the vol- 
ume of the small centric diatoms ingested by Tintinnidium is
calculated, it is found that a volume of bacteria 19 times 
greater will be consumed if their concentration i  the medi- 
um is the same. An essential difference is that Tintinnidium 
actively rejects larger FLPs, which may explain the strange 
decrease in the clearing rate of particles _>1 pm. 
The finding that Tintinnidium is able to feed on food 
items in the lowest and in the upper size ranges of different 
items suggests, that there are two feeding modes: filter-feed- 
ing on pico-sized particles and encounter-feeding on suitable 
large particles which enter the mouth region during filtration. 
In the opinion of SPITTLER (1973) and HEmBOCKEL (1978 
a,b), tintinnids only eat particles larger than 2.0 pm. HE~N- 
BOCKEL (1978a) stated a general rule that tintinnids are able 
to ingest food particles with a diamter of up to 43% of their 
own lorica opening. They therefore accept particles about 
19 pm in diameter. In our study, all tintinnids also ingested 
smaller particles, the lower limit being 0.2 pm. HEINBOCVd~LS 
(1978a) upper limit seems to agree with our results. BLACK- 
BOURN (1974) also found high ingestion rates for 1 pm parti- 
cles. KIvI & SETALE (1995) found Tintinnidium fluviatile 
with ingested particles in size ranges between 1.8 to 8.4 ~am. 
The most popular particle size in their study was 4.2 ~am. 
A potential explanation for the high filtration rate of 100 
to 120 particles ciliate 1 la~ is the fact, that the filter is rela- 
tively rough and that the filtration rate is not reduced by ag- 
gregated small particles. The clearing rates for picoplankton- 
sized particles which were found in these experiments are 
high for a tintinnid. These high rates indicate that capture of 
small particles is accomplished by sieving alone since it 
would be hydrodynamically difficult to explain a flow of 
8.57 ~al cell -~ h -1 through a filter with a pore size less than 
Limnologica 30 (2000) 2 227 
0.5 pm, assuming apressure drop of ca 15 dyne ClTI 2, which 
is typical of ciliary filters (PER JONSSON, Strtmstad, personal 
communication). For this work Tintinnidium would have to 
possess a filter about 2000 pm 2 in area, which would imply 
the possession of membranelles 70 ~m long. A possible x- 
planation may be that the filter is coarser and that electrostat- 
ic forces greatly enhance impact capture on ciliary filaments. 
Besides this it should be taken into account, that the FLP 
concentration for 0.2 and 0.5 pm particles was much higher 
than the natural bacterial concentration. May be, that values 
of uptake in such high concentrations are a rather passive 
side effect of ingesting some larger prey items. But the lower 
picoplankton concentrations (APP and FLB; Table 1) and the 
high ingested picoplankton values (Table 2) underline the 
first explanation. 
Many qualitative analyses of tintinnid food have been 
conducted (BEERS & STEWART 1967; BLACKBURN 1974; 
CAMPBELL 1926; HOLLIBAUGH et al. 1980; GOLD 1968; 
STOECKER et al. 1981), and correlations between tintinnids 
and potential food items have been made (BARNES et al. 
1976; KIMOR & GOLANDSKY 1977; SOROKIN 1977). While 
quantitative investigations of the feeding behaviour of 
Tintinnidium in marine and estuarine nvironments have 
been completed (BLAcKBOURN 1974; CAPRIULO & CARPEN- 
TER 1983; HEINBOCKBL 1978a, 1978b; KIvI & SETALE 1995; 
SPITTLER 1973), information about heir role in fresh water is 
scarce (CLEVEN 1996). PRATT & CAIRNS (1985) described 
Vorticella as a consumer of bacteria nd detritus. Our own 
investigations confirm the finding that Vorticella favours on 
bacteria. The feeding behaviour of Vorticella has been stud- 
ied in only one experiment on protozoan grazing in the epi- 
limnion and metalimnion of the eutrophic Rimov Reservoir 
in southern Bohemia (SIMEK et al. 1995). The authors ob- 
served the Vorticella aquadulcis complex and found that 
their rates of ingesting picoplankton were twice as high as 
those reported here. 
The influence of grazing by ciliates on bacteria nd algae 
changes during the year. Tintinnidiumfluviatile is important 
during spring as "herbivorous" organism, while metazoo- 
plankton with a longer generation time occupies this ecolog- 
ical niche later. During spring Tintinnidium fluviatile is able 
to use the small centric diatoms as food, and it reduces the 
nanoplankton production (nearly 52%) and sometimes elimi- 
nates whole populations. In our own microscopic investiga- 
tions, they favoured centric diatoms and flagellates. Howev- 
er, the calculations (Fig. 4) show that the nanoplanktonic diet 
is insufficient. A few days later, their influence greatly de- 
creased because of the grazing by Synchaeta on diatoms and 
their direct predation on Tintinnidium (ZIMMERMANN 1996). 
LANDRY & HASSET (1982) found around the coast of Hawai, 
that 17-52% of the phytoplankton production were con- 
sumed by tintinnids and nauplii, while tintinnids in the sea 
and in estuaries consumed about 4 to 41% of the daily prima- 
ry production (HEINBOCKEL • BEERS 1979; CAPRILrLO & 
CARPENTER 1980, 1983). CLEVEN (1996) estimated HNF 
grazing losses due to Codonella sp. and Tintinnidium sp. in 
Lake Constance to be about 17% of the total community. 
Ciliates graze considerably on picoplankton during cer- 
tain seasons (SIMEK et al. 1990 a,b). Such grazing occurs in 
the estuarine and coastal environment, where ciliates can 
eliminate 100% of the bacterial production (SHERR et al. 
1986; SHERR & SHERR 1987). During this study, their impact 
on bacteria was of less severe. 
Distinct ecological niches seem to be produced by particle 
selection facilitated by differences in the mouth structure 
(FENCHEL 1980). There is evidence that Tintinnidium grazes 
effectively only on some of the potential prey available. The 
two planktonic iliates coexisting during the spring bloom in 
Belauer See seem to be well separated ecologically by the 
ability of Tintinnidiumfluviatile to ingest voluminous algae. 
Zusammenfassung 
Im Frtihjahr 1991 wurde das Plankton des eutrophen Belauer Sees 
(Bornhtveder Seenkette, Norddeutschland) untersucht, wobei die 
das Frtihjahrsplankton beherrschenden Ciliaten, Tintinnidium flu- 
viatile und Vorticella rhabdos~loides, hinsichtlich der Nahrungs- 
aufnahme besonders bearbeitet wurden. Um die Nahmngsaufnahme 
qualitativ und qnantitativ bestimmen zu ktnnen, wurden im Wasser 
suspendierte fluoreszierende Partikel unterschiedlicher G tge und 
mit Fluoreszenzfarbstoffen geffirbte natiJrliche Futterpartikel den 
beiden Ciliaten unter in situ-Bedingungen als Nahrung angeboten. 
Vorticella rhabdostyloides nahm 1 pm-Partikel und APP auf. Tintin- 
nidium fluviatile bevorzugte Partikel in der Grtgenordnung von 
0,5 bis 1,0 ~m und 5,0 pro, APP und die Diatomee Nitzschia palea. 
Die Ingestionsraten lagen bei Tintinnidiumfluviatile m Bereich von 
100-120 Partikeln Individuum -~Stunde -~ und bei Vorticella rhab- 
dostyloides zwischen 60 und 230 Partikeln Individuum ~ Stunde -1. 
Das unterschiedliche Futterspektrum ermtglichte die Koexistenz 
beider Ciliatenarten im Friihjahr. 
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